To elucidate the prognostic role of 131 I radioactive iodine therapy (RIT), we conducted a retrospective cohort study analyzing the clinical factors that affect survival of postoperative patients with differentiated thyroid carcinoma (DTC). Methods: We included 198 DTC patients with extrathyroidal extension who received total or near-total thyroidectomy and then RIT in our hospital from January 1997 to June 2009: patients with lymph node metastases only (n 5 47), lung metastases without bone metastases (n 5 105), or bone metastases and other distant metastases (lung, liver, brain, and skin) (n 5 46). Hemithyroidectomy or subtotal thyroidectomy had been performed before total or near-total thyroidectomy in 59 patients. Diseasespecific survival after initial RIT was statistically evaluated using relevant clinical parameters, including age at initial RIT, pathology, sex, therapeutic history before initial RIT, pre-and posttherapeutic serum thyroglobulin ("prethyroglobulin" and "postthyroglobulin," respectively) at initial RIT, thyroglobulin under thyroid-stimulating hormone stimulation at initial RIT ("peak thyroglobulin"), grade of uptake at scintigraphy, extent of metastasis, and number of total RITs. Results: During followup after initial RIT (average, 5.37 y), 24 patients died from DTC (11 male patients and 13 female). The most common reasons for death were respiratory failure due to lung metastases (n 5 11) and uncontrollable brain metastases (n 5 6). Univariate analysis showed that disease-specific survival was related to the following factors: extent of metastasis, age at initial RIT (,45 y), prethyroglobulin (,125 ng/mL), peak thyroglobulin (,1,000 ng/mL), and interval from total thyroidectomy to initial RIT (,180 d). A past history of hemithyroidectomy or subtotal thyroidectomy was not related to disease-specific survival. Multivariate analysis showed 3 factors to be independent prognostic factors-grade of 131 I uptake at whole-body scintigraphy, extent of metastasis, and interval to RIT (P # 0.001, 0.010, and 0.005, respectively)-and also showed that risk of death in patients with an interval over 180 d was 4.22 times higher than in those with an interval within 180 d. Kaplan-Meier analysis revealed that a shorter interval (180, 365, or 1,000 d) had prognostic value even in the subgroups 45 y or older, with lung metastases, and with bone metastases or more. Conclusion: The present study suggests that delaying initial RIT until more than 180 d after total thyroidectomy may result in poor survival for DTC patients. Di fferentiated thyroid carcinoma (DTC) is one of the most common endocrine tumors, and its basic treatment strategy is established (1,2) . Total or near-total thyroidectomy is the standard initial therapy and usually results in successful prognosis; therefore, in most countries DTC represents less than 1% of cancer deaths annually (3). However, a certain proportion of patients needs to receive additional therapy after total thyroidectomy. 131 I radioactive iodine therapy (RIT) is performed (sometimes palliatively) for DTC with distant or unresectable metastases and as a postoperative adjuvant for high-risk DTC with or without metastases to decrease the risk of recurrence. In general, the medical indications for RIT are considered to be as follows: presence of distant metastases, incomplete tumor resection, and complete excision of tumor but high risk for mortality or recurrence (1,2). Several factors have been proposed to be of high risk, such as localized but large tumors, nonlocalized lesions with extracapsular invasion, and lymph node metastases in the neck or other sites. However, these factors are still controversial (3).
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Recently, the lack of medical facilities for RIT has become one of the most important medical issues in some European countries and in Japan, because in these countries RIT is performed in limited numbers of medical facilities associated with strict regulation of radioactive substances (4) . In Japan, the clinical situation for RIT is critical. The number of RITs increased 44% from 2002 through 2007, although the number of available beds for RIT decreased 16% (5). This situation is serious for patients with distant metastases, and all possible courses of action from the medical and socioeconomic points of view should be taken to solve this problem.
The purpose of this study was to investigate the prognostic role of 131 I RIT using a retrospective cohort study analyzing the clinical factors that affect survival after RIT for postoperative patients with DTC.
MATERIALS AND METHODS

Study Population and Patient Characteristics
From January 1997 to June 2009, 413 patients with thyroid carcinoma who received total or near-total thyroidectomy (hereinafter called total thyroidectomy) in our hospital (n 5 45) or in other hospitals (n 5 368) were referred and admitted to our unit in Kyoto University Hospital to receive 131 I RIT. We defined 4 inclusion criteria for the present study. The first was the presence of pathologically confirmed DTC or DTC with a poorly differentiated component or other variants of DTC at the time of total thyroidectomy. The second criterion was at least one treatment by RIT at our unit from January 1997 to June 2009. The third criterion was clinical follow-up at our outpatient clinic for more than 1 y. The fourth criterion was 1 of 2 alternatives: a patient younger than 45 y who had distant metastases at the time of thyroidectomy (stage II, based on the criteria of the International Union Against Cancer [UICC]), or a patient older than 45 y who was in at least stage III at the time of thyroidectomy. Before RIT, the clinical stage of DTC was analyzed on the basis of the criteria of the UICC using clinical information and several imaging modalities (neck ultrasound, plain CT, or PET if available) (6) . Patients were excluded if they had pathologically confirmed anaplastic carcinoma, undifferentiated carcinoma, medullary carcinoma, or malignant lymphoma at the time of total thyroidectomy; if their clinical follow-up in our outpatient clinic had been less than 1 y or they had incomplete or missing data; or if they had an antithyroglobulin antibody level greater than 5.0 U/mL.
Of the 413 patients with thyroid carcinoma, 215 were excluded because of these criteria (the criteria overlapped in some cases). No patient was pathologically confirmed as having anaplastic carcinoma, undifferentiated carcinoma, medullary carcinoma, or malignant lymphoma. Some patients (n 5 145) had follow-up periods of less than 1 y (most patients had no metastasis at the time of total thyroidectomy and then received RIT ablation). No patient was younger than 45 y and in stage I at the time of thyroidectomy and received RIT. No patient was older than 45 y and in stage I or II at the time of thyroidectomy and received RIT. Thirty patients were 45 y old or older, of unknown clinical stage at the time of thyroidectomy, and showed postoperative serum thyroglobulin consistently lower than 5 ng/mL and peak thyroglobulin lower than 20 ng/mL under thyroid hormone withdrawal. Fortyeight patients had an antithyroglobulin antibody level greater than 5.0 U/mL. The 198 patients with DTC (total number of RITs, 598) who were finally included in the study all had extrathyroidal extension or metastasis before initial RIT. Their characteristics are shown in Table 1 .
Before admission to our unit, each patient gave written informed consent to becoming a possible candidate for retrospective clinical research, as required by the Kyoto University Human Study Committee. After receiving all clinical information about RIT, including radiation exposure, each patient agreed to undergo RIT, and the patient's agreement was recorded in the patient chart (there was no special written informed consent form for RIT, because it was a part of routine clinical treatment). This study was not submitted to the ethics committee for approval, because the study relied on information obtained as part of routine clinical work.
Procedures for RIT and Other Treatment
The average interval between total thyroidectomy and initial RIT was 2.59 6 4.77 y (844 6 1,546 d). The timing of referral of new patients to our unit was determined by referring surgeons, whereas decisions on initial RIT were made by our unit using a first-come, first-served policy.
131 I was commercially available and provided by Fujifilm RI Pharma Co., Ltd. Initial RIT was performed using a 131 I dose of 3,430 6 999 MBq for a patient with resected or residual lymph node metastases, 4,292 6 818 MBq for a patient with lung metastases, and 4,677 6 659 MBq for a patient with bone metastases or more (including liver, brain, skin, or other sites).
Starting 4 wk before the planned RIT, patients withdrew from l-T4 therapy and began 50-75 mg of liothyronine (l-T3) per day for 1 wk, and they then withdrew from l-T3 until 4 d after the administration of 131 I. Recombinant human thyroid-stimulating hormone (TSH) was not used. Patients were also asked to refrain from iodine-rich foods, not to undergo contrast-enhanced CT, and to follow a low-iodine diet (,200 mg per day) for 3 wk before RIT until 4 d after the administration of 131 I. Hospital admission is mandatory in Japan for RIT in patients with DTC, because the use of more than 500 MBq of 131 I on an outpatient basis is prohibited. Therefore, from the first day of RIT, patients had to stay in our medical ward-which was specially designed for the isolation of patients who had received 131 I-for at least 3 d, until the residual radioactivity in the body decreased to 500 MBq or less. Then, whole-body scintigraphy (WBS) was performed to examine the biodistribution of 131 I.
Procedure for 131 I WBS
Three days (6 d in some cases) after oral administration of 131 I, a standard WBS study (from toes to top of head) was performed using a whole-body moving-camera technique (anterior and posterior). Dual-head g-cameras were used (either an RC-2500IV [Hitachi Medical Co.] or a Bodyscan [Siemens Medical Systems]). The scan speed was 15 cm/min for the former camera and 10 cm/min for the latter one, and the matrix size was 256 · 1,024 pixels for both cameras. WBS images were acquired in planar view with a pair of appropriate window levels (dark and bright) and printed as hard-copy films. When a positive finding was suspected, an oblique view or SPECT images (axial and coronal) were obtained additionally using the RC-2500IV, and hardcopy films were printed. WBS images were interpreted by 1 or 2 experienced nuclear medicine physicians who were shown all available clinical information, including serum thyroglobulin level. At posttherapeutic WBS, the 131 I uptake was evaluated using a 4-grade system in which 0 is excellent, 1 is good, 2 is fair, and 3 is poor. Evaluation of Therapeutic Effect and Clinical Follow-up As a tumor marker, serum thyroglobulin was evaluated before each RIT ("prethyroglobulin"), at the time of RIT ("peak thyroglobulin"), and after RIT ("postthyroglobulin"). Prethyroglobulin was defined as the highest value obtained 1-3 mo before each RIT under the TSH-suppressed condition, when serum TSH level was less than 5 mIU/mL (average, 1.53 6 1.84 mIU/mL). Peak thyroglobulin was defined as the value obtained 0-1 d before RIT under the TSH-stimulated condition, when serum TSH level was more than 20 mIU/mL (average, 95.46 6 65.78 mIU/mL). Postthyroglobulin was defined as the lowest value obtained 2-12 mo after RIT under the TSH-suppressed condition, when serum TSH level was less than 5 mIU/mL (average, 1.10 6 1.67 mIU/mL).
Disease-specific survival was confirmed in patient records by clinical follow-up. The primary endpoint of survival was the date of disease-specific death. Cases were censored at the date of nondisease-specific death and at the last date of follow-up (regardless of whether the patient was lost to follow-up or completed all followup). The starting point for survival was the date of initial RIT.
Statistics
All values are expressed as mean 6 SD. All statistical analysis was performed using R software (version 2.9.0; R Foundation for Statistical Computing) and confirmed using JMP software (version 8J; SAS Institute). A P value of less than 0.05 was considered statistically significant in each analysis. Missing data were treated as deficit data not changing other variables (Supplemental Data; supplemental materials are available online only at http://jnm. snmjournals.org).
RESULTS
Patient Characteristics
Although 124 patients received total thyroidectomy at the time of initial detection of DTC, 59 patients had received hemithyroidectomy or subtotal thyroidectomy at first and then total thyroidectomy later (average interval, 6.3 6 6.1 y; interval unknown in 15 patients). In 42 patients, there was a history of other treatment (e.g., resection of local recurrence, resection of cervical lymph node recurrence, resection of lobectomy for lung metastasis, and radiation therapy of brain or bone metastasis) in the interval between initial thyroidectomy (hemithyroidectomy, subtotal thyroidectomy, or total thyroidectomy) and initial RIT, whereas initial RIT was performed after total thyroidectomy without other therapeutic procedures in 142 patients. In the interval between initial thyroidectomy and initial RIT, the lengths of the observation periods without therapy ("blank periods") were determined and the longest such period for each patient was classified as occurring within 180 d (n 5 67), 180-365 d (n 5 20), 1-2 y (n 5 11), 2-3 y (n 5 13), or 3 y or more (n 5 73). In most patients with more than a 3-y therapeutic blank period (n 5 73), recurrent lesions were newly detected lung or bone metastases (n 5 61). Therapeutic procedures were performed immediately after each other.
Clinical Follow-up
Thirty-one patients died during the observation periods. Two patients who died from cachexia and respiratory failure due to lung metastases were excluded from the present study because of a high serum anti-thyroglobulin antibody value. Five patients who died for non-diseasespecific reasons (esophageal cancer, gallbladder cancer, gastric cancer, renal failure due to diabetes, and suicide) were censored in the present study. Thus, 24 deceased patients were examined by statistical analysis (11 male patients and 13 female). The reasons for death were respiratory failure due to lung metastases (n 5 11), uncontrollable brain metastases (n 5 6), massive hemoptysis from respiratory tract metastases (n 5 3), asphyxia related to a bulky neck mass (n 5 2), cachexia due to multiple metastases (n 5 1), and hemorrhagic cardiac tamponade due to direct invasion (n 5 1). Table 1 compares survivors and deceased patients. The average cumulative number of RITs for deceased patients was 4.0 6 5.2 (range, 1-26). Age at initial RIT for deceased patients was 62.5 6 8.6 y (range, 48-84 y), which was significantly greater than that of survivors (P 5 0.009). There were no deceased patients younger than 45 y old at the time of initial RIT and no deceased patients with only local disease or lymph node metastases at the time of initial RIT. The average interval between total thyroidectomy and initial RIT in deceased patients was 4.08 y, which was significantly longer than that of survivors (2.38 y) (P 5 0.029). Factors related to other therapy before total thyroidectomy (past history of hemithyroidectomy or subtotal thyroidectomy, past history of other treatment, and longest blank period) did not statistically differ between survivors and deceased patients. Serum thyroglobulin levels (prethyroglobulin, peak thyroglobulin, and postthyroglobulin) were significantly higher in deceased patients.
Univariate Analysis of Each Prognostic Factor
Univariate analysis using 2-or 3-way segmentation was performed (Supplemental Data). Of the factors analyzed, age at initial RIT ($45 y old) showed a significantly high prognostic value. Kaplan-Meier analysis also showed a similar result (Fig. 1) . Therefore, age-adjusted hazard ratio was also examined in the other factors. Grade of WBS and extent of metastases showed a significant difference, whereas there was no significant difference in the pathology of DTC. Tumor markers (prethyroglobulin, peak thyroglobulin, and postthyroglobulin) showed significant prognostic value both in total examinations and in age-adjusted examinations. Interval between total thyroidectomy and initial RIT (180 d or more) showed significant prognostic value (P , 0.001, age-adjusted P 5 0.012). Kaplan-Meier analysis also showed similar results using 180 d and other intervals (,365 d, ,1,000 d) (Fig. 2) .
Multivariate Analysis of Prognostic Factors
According to the univariate analysis Table 2) . Grade of 131 I uptake at WBS after initial RIT and extent of metastasis showed significant prognostic value in all patients (P , 0.001 and P 5 0.010, respectively). Interval between total thyroidectomy and initial RIT also showed significant prognostic value (P 5 0.005). Tumor markers, prethyroglobulin, peak thyroglobulin, and postthyroglobulin did not show significant prognostic value. Analysis of patients 45 y or older showed similar results for all these factors.
Additional data are available online (Supplemental Tables 1-3 and Supplemental Fig. 1 ).
DISCUSSION
A principal result of the present study is the importance of early initial RIT after total thyroidectomy. Multivariate analysis, shown in Table 2 , revealed 3 independent prognostic factors: grade of 131 I uptake at WBS after initial RIT, extent of metastasis at initial RIT, and interval between total thyroidectomy and initial RIT both in the entire group and in the age-adjusted group over 45 y old. Concerning the interval between total thyroidectomy and RIT, 3 thresholds (180, 365, and 1,000 d after total thyroidectomy) showed a significant difference, but there was no significance in the analysis using 75 d as the threshold (Supplemental Table 2 ). 
(A) Disease-specific survival was significantly higher in group younger than 45 y than in group 45 y or older. (B) Disease-specific survival was significantly higher in group with better grade (excellent or good) of 131 I uptake at WBS at time of initial RIT than in group with worse grade (fair or poor). (C) Disease-specific survival was significantly higher in group with low thyroglobulin before RIT (,125 ng/mL) than in group with high thyroglobulin ($125 ng/mL) before RIT. (D) Disease-specific survival was significantly higher in group with lymph node metastasis only than in group with lung metastasis with or without lymph node metastasis or in group with bone metastasis or more. Extent of metastasis was evaluated at time of initial RIT. LN 5 lymph node; mets 5 metastases; Tg 5 thyroglobulin. The risk of death in patients treated by initial RIT more than 180 d after total thyroidectomy was 4.22 times higher than that in patients treated by initial RIT within 180 d. This would be startling for most Japanese nuclear medicine physicians; according to a survey at a recent conference (7), about 50% of RIT centers in Japan replied that their DTC patients have to wait more than 180 d for RIT after referral from a surgeon. In a prognostic analysis of longterm outcome of patients with DTC, Mazzaferri et al. showed that delay in surgical therapy for more than a year after initial manifestation has an adverse effect on outcome (8) . In a prognostic analysis of DTC patients with distant metastases, Schlumberger et al. showed that the survival rate was significantly improved by the early discovery of distant metastases when WBS and serum thyroglobulin measurements were routinely used (9) . However, to the best of our knowledge, there has been no report showing the prognostic value of early performance of RIT after total thyroidectomy.
The present study suggests the possibility that a certain percentage of patients may experience deterioration in clinical condition because of a 180-d delay in RIT. To elucidate the medical reasons for the prognostic value of early RIT, we compared clinical data between the earlytreatment group (initial RIT within 180 d after total thyroidectomy) and the delayed-treatment group ($180 d) (Supplemental Table 3 ). The results showed no significant difference in clinical stage between the 2 groups. In addition, there was no significant difference in the average number of RITs or in sex, extent of metastasis, past history of thyroid surgery, or thyroglobulin levels. The difference in the longest blank period is conjectured to be a main reason for the poor prognosis of the delayed-treatment group. There was also a significant difference in history of other therapy between initial thyroidectomy and initial RIT. In the delayed-treatment group with other therapy (n 5 28), most patients were treated by repeated local surgery after initial thyroidectomy and then finally developed distant metastasis (n 5 24). It is speculated that repeated local surgery delayed the initial RIT after total thyroidectomy. The difference in grade of uptake at WBS after initial RIT may have a prognostic role. However, it is speculated that this is not because of biased patient selection but because of the delay in RIT. Delayed RIT may result in poor accumulation of radioiodine at initial RIT, probably because of latent progression of metastatic disease during the prolonged interval. Survival of DTC patients was not affected by whether hemithyroidectomy or subtotal thyroidectomy was performed before total thyroidectomy or the interval between initial thyroidectomy and total thyroidectomy.
The nonmedical reasons for delayed RIT after total thyroidectomy should be discussed. First, the long waiting list for admission to the RIT medical ward is a main reason. Recent data from our outpatient clinic showed that the delay in initial RIT for referred patients did not become remarkable until the last 3-4 y, when there was a rapid increase in the number of patients who wished to receive RIT. A second reason for delayed RIT is delayed referral by the surgeons who perform total thyroidectomy. In the present study, the timing of referral to our unit was determined by the surgeons. Although more than half our patients (n 5 108) received RIT less than 180 d after total thyroidectomy (Table 1) , the average interval between initial RIT and total thyroidectomy was 935 6 1,743 d (range, 25-10,172 d). Thus, there was a certain percentage of patients who had an extremely long interval before they were referred by their surgeons, consequently increasing the average length of the interval. This group consisted mainly of patients who developed cervical lymph node recurrence repeatedly but were treated only by local resection and finally developed unresectable disease. Shigematsu et al. showed in their surveillance report that the treatment strategy for DTC patients in Japan has been quite different from that in Europe and North America, especially in the indication for total or near-total thyroidectomy followed by RIT (10) .
We also need to discuss the other significant independent prognostic factors: age at initial RIT, grade of 131 I uptake on WBS, and extent of metastasis. All these factors are already known as independent prognostic variables for survival of DTC patients, as shown in several literature reports (3, 9, 11, 12) . These reports may support the statistical credibility of our results. As was already shown in the clinical TNM staging system by UICC, age at total thyroidectomy is a significant prognostic factor for DTC patients (6) . In the present study, our analysis used age at initial RIT; however, our data basically agree with the previously published data. Extent of metastasis is of course an important prognostic factor. On the one hand, the role of lymph node metastasis in prognosis is still controversial (3), but on the other hand, the presence of distant metastases is clearly a significant prognostic factor in DTC patients. Several reports using multivariate analysis have revealed that the extent of metastasis has an independent prognostic value (9, (11) (12) (13) . The grade of 131 I uptake on WBS was reported as one of the most important prognostic factors in all DTC patients, in those DTC patients with lung metastases, and in those DTC patients with bone metastases (9, (11) (12) (13) (14) (15) ). Serum thyroglobulin level has been reported as a useful prognostic factor for recurrence after RIT ablation, and its measurement is included as key in the follow-up management of DTC patients according to the guidelines of the British Thyroid Association and the American Thyroid Association (1,2). However, most published scoring systems, including the TNM system, do not include serum thyroglobulin level as a prognostic factor. Thyroglobulin may be useful only at a specific stage of disease, especially at early stages. Our data seem to be compatible with previously published reports. Our study had some limitations. Because it was retrospective and included only those DTC patients treated by RIT in a single unit in Japan, the results might be derived from a biased patient group. Prognostic values might have been different if the analysis had been performed on the entire group of DTC patients treated by total or near-total thyroidectomy. Many previously published prognostic analyses focused on the entire group of DTC patients who received total thyroidectomy (3) . A second limitation is that our statistical analysis focused on clinical factors at the time of initial RIT, because standardization of each clinical factor in each patient with different frequencies of RIT is quite difficult. RIT is usually performed multiple times during long periods in most patients, and these cumulative therapeutic effects may have a great impact on prognosis. Further research evaluating the cumulative therapeutic effects of RIT on prognostic value in DTC patients is needed.
CONCLUSION
Our findings showed that the delay of initial RIT until more than 180 d after total thyroidectomy in DTC patients with metastases resulted in poor survival, whereas survival was not affected by the performance of hemithyroidectomy or subtotal thyroidectomy before total thyroidectomy or by the interval between initial thyroidectomy and total thyroidectomy. Performing initial RIT within 180 d after total thyroidectomy may improve survival in postoperative DTC patients with metastases.
